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(54) FIELD-EFFECT TRANSISTOR 

(57)Abstract: 

PURPOSE: To obtain good heat radiation. 
CONSTITUTION: A field effect transistor comprises a 
source electrode 5 and a drain electrode 6 formed in 
ohmic contact, and a gate electrode 7 in between on a 
main face of a substrate 1 made of compound 
semiconductor. Moreover, the field effect transistor 
comprises a metallic layer 10 provided on the other main 
face of the substrate 1, a metallic connecting member 
10a passing through the substrate 1 for connecting the 
source electrode 5 with the metallic layer 10, and an 
insulator 1 1 having better heat conductivity than that of 
the substrate 1 and provided between the drain 
electrode 6 and the metallic layer 10. 




http://www19.ipdl.inpit.gojp/PA1/result/detail/main/wAAA0saq6jDA405029357P... 2008/02/26 



JP.05-029357.A [DETAILED DESCRIPTION] 



1/2 ^— v 



[0014] 

[Example]Hereafter, the example of this invention is described based on a drawing. 

[001 5] Drawing 1 is a figure showing the 1st example of this invention. In the figure, 1 is a semi 

insulating GaAs substrate, the ion implantation of the n type impurities, such as Si and S (sulfur), 

is carried out, and the n type active layer 2 whose concentration is a 0.5 - 5x10 cm grade is 

formed in the 1 principal-surface side. The n + source region 3 and the n + drain area 4 where Si 

1 ft o 

was poured into the concentration more than 2x10 cm are formed in both sides of the active 

layer 2. On the n + source region 3 and the n + drain area 4, the source electrode 5 and the drain 
electrode 6 which consist of AuGe/a Ni metal are formed of ohmic junction. The source 
electrode 5 and the drain electrode 6 are arranged so that the length of the lap from an 
electrode end may turn into the minimum length in within the limits to which the bond resistance 

of ohmic junction is kept low enough to the n + source region 3 and the n + drain area 4, 
respectively. On the active layer 2, the gate electrode 7 is formed of the Schottky barrier. 
[0016]GaAs substrate 1 with low thermal conductivity is made thin to required thickness, and 
the back plate 10 as a metal layer which consists of T\ / Au layer 8, and the Au metal skin 9 is 
formed on other principal surfaces. And the insulator 1 1 which has good thermal conductivity 
rather than GaAs substrate 1 between the source electrode 5 and the drain electrode 6, and the 
back plate 10 which have been arranged as mentioned above is formed in the thickness which is 
about 5000 A. Alumimium nitride (AIN) is used as the insulator 11. The opening of the viahole 12 
is carried out to the lower part of the source electrode 5, and the source electrode 5 is 
connected to the back plate 10 via the metal connection body 10a in the viahole 12. 
[0017]Since the field effect transistor of this example is constituted as mentioned above, 
generation of heat at the time of operation, Even if it leads the insulator 1 1 which it is not only 
diffused at the back plate 10 side, but has the drain electrode 6 and the source electrode 5 to 
good thermal conductivity through the metal connection body 10a from the source electrode 5, it 
is diffused at the back plate 10 side. Therefore, the outstanding heat dissipation nature is 
obtained and a high increase in power becomes more possible than before. 
[0018]Next, the 2nd example of this invention is shown in drawing 2 thru/or drawing 4 . This 
example is applied to FET for electric power with a comb type gate. 

[0019]In drawing 2 thru/or drawing 4 , the same explanation as the member and part in said 
drawing 1 that showed the equivalent thing by the above and identical codes by being and 
carrying out, and overlapped is omitted. 

[0020]In this example, the insulator 1 1 which becomes only the lower part of the drain electrode 
6 from AIN is embedded. That is, the drain electrode 6 is formed so that ohmic junction may be 
carried out to the active layer 2 in the portion of necessary width and it may be located on the 
insulator 1 1 . 

[0021]Since FET for electric power of this example is constituted as mentioned above, it 
radiates heat to the metal layer 10 side of substrate 1 rear face through the insulator 1 1 with 
which generation of heat which becomes large consists of AIN which has good thermal 
conductivity rather than the substrate 1 from the drain electrode 6 between drain electrode 6 
and the gate electrode 7. Therefore, the heat dissipation nature the effective heat leakage by 
the side of the above-mentioned drain electrode 6 added and excelled [ nature ] in the heat 
leakage which lets the metal connection body 10a pass is obtained from the source electrode 5. 
[0022]Subsequently, an example of the manufacturing method of FET concerning this example is 
explained using drawing 4 . 

[0023]In the following explanation, each item sign of (a) - (d) corresponds to each of (a) - (d) of 
drawing 4 . 

[0024](a) Form the n type active layer 2 of about 0.2-micrometer thickness with ion implantation 
on GaAs substrate 1 semi insulating [ about 400 micrometers thick ]. By reactive ion etching 
using Cl 2 gas, the crevice 13 with a depth of about 10 micrometers which pierces through the 

active layer 2 is formed. By sputtering process, AIN as the insulator 1 1 is embedded in the 
crevice 13. AIN of portions other than crevice 13 is removed by the lift-off method etc. 
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[00251(b) Form the drain electrode 6 which consists of AuGe/a Ni metal so that the portion of 
necessary width may carry out ohmic junction to the active layer 2 and it may be located on the 
insulator 1 1. On the active layer 2 which estranged only the required interval from the drain 
electrode 6, the source electrode 5 which similarly consists of AuGe/a Ni metal is formed by 
ohmic junction. Between the source electrode 5 and the drain electrode 6, the gate electrode 7 
which consists of aluminum/Ti metal which carries out the Schottky barrier to the active layer 2 
is formed. 

[0026](c) The upper surface side of the substrate 1 in which each electrode was formed shall be 
equipped or adhered to a fixture, a substrate rear shall be deleted by polish etc., and the 
thickness shall be about 10 micrometers. At this time, the insulator 1 1 can detect terminal 
points, such as polish, by exposing to a rear face, and it becomes possible to make substrate 1 
thickness uniform. 

[0027](d) Form the resist mask which has an opening for a substrate rear only in a viahole 
formation part, by reactive ion etching using Cl 2 gas, etch the substrate 1 and drill the viahole 12 

under the source electrode 5. After vapor-depositing Ti / Au layer 8 at the substrate 1 rear face 
containing the viahole 12, while forming Au layer 9 by electroplating and forming the metal 
connection body 10a in the viahole 12, the back plate 10 as a metal layer about 50 micrometers 
thick is formed in substrate 1 rear face. 

[0028]Since the thickness of the substrate 1 is limited in the embedding depth of the insulator 
1 1 according to the above-mentioned manufacturing method, substrate 1 thickness can be made 
uniform and the viahole 12 can be formed uniformly. Therefore, it becomes possible to 
manufacture FET for electric power which has uniform heat dissipation nature. 
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